HE EFFECTS of nanosilica (NS) on the hydration kinetics and mechanical strength development of blended basalt cement pastes of cementitious mixes were investigated. The measurements have been carried out on blended basalt cement pastes made with four dose levels of NS at different water to binder ratios. NS accelerates the hydration of blended basalt cement pastes. The addition of NS improves the mechanical strength and increases combined water contents, but free lime and bulk density decrease. Basalt acts as filled materials at early age and then its reactivity increases due to pozzolanic reaction. It has been concluded that partial substitution of blended basalt cement pastes up to 4 mass % NS improves the mechanical and hydration characteristics in comparison with the control hardened pastes up to 90 days. The results can be mainly attributed to the ultrafine nature of NS. The phases formed have already been confirmed with XRD and DTA.
The purpose of nano particle addition in cements is to stimulate the nucleation process during the early cement hydration. The earlier these nuclei are formed, the earlier they can grow to larger crystals of hydration phases and thereby accelerate the cement hydration. Due to the small size of nano particles, they provide very large surface areas. At the same time, these surfaces are so highly reactive that they may react with components from pore solution or may act as a nucleation site. The nano particle has also a large potential to react with components of the cement to form additional nuclei, like SiO 2 particles in a pozzolanic reaction to form calcium silicate hydrates (C-S-H) )1-6( . Nano silica (NS) has showed a high pozzolanic reactivity in fresh and hardened states. In the fresh state, it has been found that, NS reduces setting times, increases the release of hydration heat, and modifies the rheological behavior of cement pastes and mortars )7-17( .
In the hardened state, researchers have reported that NS increases the compressive strength )7-10, 12, 18,19( , decreases the porosity and improves some aspects of durability ) 10, 11, 14, 17, 20-24( . Some works have found that, NS produces important mineralogical changes, mainly on C-S-H and portlandite (CH). For C-S-H, NS accelerates its formation, the samples blended with NS have higher content of C-S-H, and it allows formation of longer C-S-H chains in comparison to the control samples )22 -27 ( .
Researchers
) 21, 28( reported that the performance of concrete is generally improved by adding nanosilica. It was believed that the improvement of concrete by adding nanosilica is attributed to its filler effect and pozzolanic reaction. Recently, however, the small particle size of nano silica provides a large surface area, which speeds up the rate of cement hydration and pozzolanic reaction )29( .
The effect of nanosilica on the rheological behavior of cementitious mixes, rheometric studies on cement mortars incorporating superplasticizer ) 30( , or not ) 13( , agree that the addition of nanosilica increases the water demand of cementitious mixes greatly, as compared with the control ones.
The addition of nanosilica to ordinary Portland cement (OPC) pastes was found to increase the compressive strength to an extent that was dependent on the nanosilica, water-to -bender ratio (w/b) and curing time )31-35( . Some researchers )31, 33,34 ( also reported a progressive increase in compressive strength with increasing NS content over the range from 0.2 to 10 -12 mass % of cement.
On the contrary, no improvement in compressive strength was observed by Leemann and Winnefeld [30] for OPC concrete mixes (W/B = 0.5) containing nanosilica and superplasticiers at dose level of 1.5 % and 5% by mass of cement, respectively(curing times up to 28 days). However, recent studies by Givi et al. )36( and Nazari and Rihai )10( have shown mechanical strength improvements for concretes added with nanosilica.
Basalt is one of igneous rocks, which was formed during the cooling of magma in the old ages of the earth. The effect of limestone powder, basalt powder and marble powder as mineral admixtures on the fresh and hardened properties of self-compacting concrete was investigated )37( . Basalt as a mineral admixture was investigated, where the physical properties and chemical compositions were studied )38-40( . The effect of basaltic pumice on the mechanical and physical properties )41, 42( and sea water resistance of the concrete was studied )43( . The deterioration effect of blended cement combinations with red brick dust (RBD) and ground basaltic pumice (GBP) was investigated )44( . The effect of basalt powder on the rheological properties of fresh and hardened cement mortar )45( was investigated. Binci et al. ) 46, 47( conducted the study to examine the possibility of using the industrial wastes of basaltic pumice as a fine aggregate in concrete. They found that the basaltic pumice could be conveniently used for low abrasion and higher compressive strength concrete.
Using basalt fibers slightly increase the 28-days compressive strength of concrete containing fly ash and admixtures with a low water-cement ratio. In addition, the early compressive strength of concrete containing fly ash and admixtures may significantly increase due to the use of basalt fibers )48( .
The object of this study is to investigate the effect of nanosilica on the hydration characteristics and mechanical properties of hardened blended basalt cement pastes. This has been done via determining the chemically combined water contents,the free lime contents, thecompressive strength andthe bulk density at different ages of hydration. In addition, Phase composition has been examined using XRD and DTA.
Experimental work

Raw materials Ordinary Portland cement (OPC)
Fresh ordinary Portland cement (blank sample) was supplied from Suze Portland Cement Company, Egypt. The chemical composition is given in Table 1 . The Blaine surface area of OPC was 3488cm 2 g -1
Nanosilica (NS)
NS has been supplied from NanotechnologyLab, Faculty of Science, BeniSuief University, Egypt. The average particle size of nanosilica (NS) is 15 nm and the surface areais95m 2 g -1 . The amorphous nature of nanosilica particles andthemicrostructure were studied in earlier publications by means of X-ray diffraction(XRD), transmission electron microscopy ( TEM) and scanning electron microscopy( SEM) (8, 17, 22, 27) . The chemical composition of NS is given in Table 1 .
Basalt Powder (BS)
The fresh basalt has been provided from Abu Dareg Dasaltic Dyke, the North Eastern Desert (NED),Egypt. The fresh basalt was separately ground to pass 90µm sieve. The crystalline nature of basalt was verified in earlier publications using XRD,SEM, infra-red (IR) and differential scanning calorimetry (DSC) ) 38, 40( . The chemical composition of basalt is given in Table 1 . Table 2 . Basalt is added as a partial replacement of cement and NS is added as a partial replacement of basalt. The dry constituents of (OPC + basalt) and (OPC + basalt + nanosilica) were mechanically mixed for one hour in a porcelain ball mill using four balls to attain complete homogeneity. The samples were kept in air tight containers until the time of paste preparation. Blended cement pastes were prepared using the required water of consistency )49( . Using a trowel, the amount of water and cement has been mixed for four minutes. The pastes has directly been poured in a cubic mold 2X 2 X 2 cm and pressed until ahomogenous specimen has been obtained. The molds were vibrated to remove any air bubbles. The surface of the pastes was smoothed by spatula.
Curing time
For the first 24 hr the specimens were cured with their molds in 100% relative humidity. The cubic specimens were removed from their molds and then cured under tap water, at room temperature, until the time of testing (3, 7, 28 and 90 days). 
Experimental test
Measurements of bulk density, compressive strength and stopping of hydration Bulk density measurements: The bulk density was measured at each selected curing age before the specimens are subjected to the compressive strength determination. Each measurement was conducted on at least three similar cubes of the same mix composition and curing time (50) .
Compressive strength measurements:
The compressive strength was determined according to (ASTM Designation: C-150, 2007) (51) . At each time interval, three cubes of each hardened cement paste were subjected to compressive strength test and the average value was recorded. This was accomplished by using a Ton-industries machine (West Germany) for a maximum load of 60 tons. The resulting crushed specimens of the hardened cement pastes were ground and the hydration reaction was stopped (52) .
Stopping of hydration:
The hydration of cement pastes was stopped by pulverizing the crushed and ground specimens in a beaker containing1:1(v/v) methanol -acetone mixture. Then,mechanically stirred for 1 hr, the mixture was filtered through sintered glass G4 after having been washed two times by the stopping solution and diethyl ether. Then,the paste has been dried at 80 0 C for 1 hr and collected in polyethylene bags, sealed and stored in desiccators for analysis (52) .
Determination of combined water content
The chemically combined water content, (W n ,%), was determined by the ignition loss test at 1000 0 C for 1hr. Duplicate measurements were carried out for each sample and the mean value was recorded (53) .
Free lime (portlandite) determination
Free lime (portlandite) content, CaO(%) was determined by using the glycerol/ ethanol extraction method and the mean value of the two independent determination was recorded (50, 53) .
X-ray diffraction analysis X-ray diffraction (XRD) of some selected hydrated samples has been investigatedusing Philips diffract meter PW 1730,with X-ray source of Cu k α radiation (λ = 1.5418A 0 ). The scan step size was 2θ, the collection time 1 s and in the range of 2θ from 5 to 65 0 . The tube voltage and current of the X-rayhave been fixed at 40 kv and 40 mA,respectively. An on-line search of standard data base (JCPDS database) foran X-ray powder diffraction pattern enables phase identification for a large variety of crystalline phases in a sample (54) .
Differential thermal analysis (DTA).
The ground hydrated specimens were investigated using a differential thermal analyzer (DTA) of type Instrument: Q600 -SDT simelleousTG -DSC -USA V20.5Build 15. The DTA runs were carried out for the hydrated powdered samples from the ambient temperature up to 1000 o C at a heating rate of 10 o C/min using α Al 2 O 3 as reference sample.
Results and Discussion
Characteristics of OPC-basalt blended cement pastes Chemically combined water content
The degree of hydration is measured from the chemically combined water and free portlandite contents. The results of the chemically combined water content for all hydrated blended basalt cement pastes investigated, neat OPC and OPC-BS are given in Fig. 1 . It can be seen that the values of combined water content increase as long as the period of hydration prolongs. This is true for all hardened pastes made of all mixes, up to the final time of hydration (90 days). This increase can be attributed to the progress of the hydration reaction and the formation of more excessive amounts of hydrated products, which are deposited in the available open pores of the hardened cement pastes. The combined water content of all blended basalt cement pastes is lower than that of Portland cement pastes. This is due to the decrease of clinker content and the low pozzolanic activity of basalt (39, 55) . 
Free lime content
Free lime (portlandite) contents for the various investigated neat OPC and blended basalt cement pastes are shown in Fig. 2 . The results show that the free lime contents increase continuously when the period of hydration is prolonged. This is true for the neat OPC and the basalt cement pastes. This means that basalt behaves as filler, so this type of cement is called filled cement. The observed free lime contents for blended basalt cement pastes increase as the amount of basalt increases up to 15 mass % basalt up to the age of hydration. The increase of free lime with amount of basalt may be due to the nucleating effect of basalt which accelerates the rate of hydration of cement pastes. At20 mass % basalt, the free lime is lower than that of 15 mass % basalt at all hydration times. This is mainly due to the decrease of the amount of Portland cement, which is the main source of liberated CH. Blended cement pastes with 20 mass % basalt show an increase in free lime up to 28 days followed by a marked decrease after 90 days. Evidently, the values of free lime content represent a net result of two opposite processes. The first is an increase in the amount of CH, which is liberated from hydration of OPC; and the second is the consumption of these liberated CH via pozzolanic reaction with basalt and the formation of additional calcium-silicate and calcium alumino -silicate hydrates ( CASH) (38, 39, 55) . 
Bulk density
The results of bulk density of neat OPC and blended basalt cement pastes are given in Fig. 3 . It is clear that the bulk density increases in accordance with the hydration time as well as the amount of basalt increases up to 15 mass % (M 3 ) than those of OPC pastes. This increase is because basalt acts as an ucleating agent which accelerates the hydration of cement pastes and basalt acts as a filler which increases bulk density. 20 mass % basalt gives lower bulk density than 15 mass % basalt. This is mainly due to the decrease of the amount of OPC which has good hydration products in comparison to basalt which has little pozzolanic activity (39, 40) . Curing time days 
Compressive strength
The results of compressive strength values of both the hardened pastes, made of neat OPC, and blended basalt cement pastes are shown in Fig. 4 . Evidently, the values of compressive strength of the neat and blended cement pastes increase continuously in accordance with the time of hydration up to 90 days (46, 56) . As the hydration proceeds, more hydration products and more cementing materials are formed leading to an increase in the compressive strength of cement pastes. This is mainly because the hydration products possess a large specific volume than the unhydrated cement. Therefore, the accumulation and compaction of these hydrated products are formed with a higher strength. The compressive strength of pozzolanic cement pastes is lower than that of OPC due to the dilution effect of pozzolana and the slow rate of pozzolanic reaction (38, 40) .
Characteristics of OPC-basalt-nanosilica (OPC-BS-NS) composite cement pastes Chemically combined water content (W n )
The results of chemically combined water content (W n , %) for all composite cement pastes containing different percent of NS hydrated up to 90 days are given in Fig.5 . The results show that W n increases as the hydration time progresses, and this reflects the increases of the rate of the hydration reaction for OPC-BS-NS composite cement. The values of W n increases in accordance with the increasing content of NS due to the high pozzolanic activity of NS and the increase of therequired mixing water. Faster formation of CH during the initial period and the acceleration of the hydration of cement pastes were observed in the NS added cement pastes (5) . Due to the reaction of NS withthefaster formed portlandite, the amount C-S-H gel increases (22, 25) . NS particles accelerate the hydration of cement phases, especially at early ages of hydration,because they serve as nucleation sites for the growth of C-S-H, (C-A-H) and C-A-S-H (5, 6) . 
Free lime content
The variation of free lime contents of cement pastes containing different percentage of NS hydrated up to 90 days are shown in Fig.6 . It is obvious that free lime contents decrease with curing time for all cement pastes. The decrease of free lime of the hydrated cement pastes containing NS with curing time is attributed to the rapid pozzolanic reaction between NS and the liberated CH in addition to the formation of calcium silicate and calcium alumino -silicate hydration (26) . At 90 days, free lime decreases sharply due to the high pozzolanic activity of NS and low pozzolanic activity of basalt at later ages. As the NS content increases, the values of free limedecrease.This is due to the higher pozzolanic affinity of NS in comparison with basalt (3, 57) . NS particles show typical characteristics of a cement hardening accelerator (6) . Their efficiency depends on the particle surface area on one hand, and on the pozzolanic reactivity on the other hand (6) . 
Bulk density
Variation of bulk density of hardened basalt cement pastes containing different percentage of NS hydrated up to 90 days is graphically represented in Fig. 7 . It is clear that the bulk density increases with curing time for all hydrated cement pastes due to the continuous hydration of cement phases, leading to the formation and accumulation of additional amounts of hydrated CSH and CASH which tends to increase the gel/ space ratio leading to a homogenous and closed compact structure (52, 58) .The results show also that the bulk density of the investigated samples decreases in accordance with the increasing content of NS. The decrease in bulk density can be attributed to the replacement of denser basalt particle (2.8 -3 g/cm 3 ) with lighter NS particles (2.21g/cm 3 ) (13, 59) . It is clear that all pozzolanic blended basalt cement containing NS has a bulk density lower than that of control paste as a result of the dilution effect of pozzolanic materials. 
Compressive strength
The test data for compressive strength of blended basalt cement pastes containing different dosages of NS cured up to 90 days are given in Fig. 8 . For all (OPC-BS -NS) composite cement pastes, the values of compressive strength increase with curing time; this is due to the continous hydration and formation of excessive amount of C-S-H and alumino -silicate hydrates. These products accumulate in the available open pores to form a more compact closed structure body (2, 27) . NS has produced a significant improvement of compressive strength for blended cement pastes at early and later ages (5, 27) . Several studies have showed that the application of NS in cementitious systems increases the strength development, especially at the early age of hydration (5, 9, 22, 31) . The results showed also that the compressive strength of the investigated basalt cement pasts increases with NS up to 3% then increase slightly up to 4%. It was observed that the strength values of all blended basalt cement containing NS are higher than those of hardened blank cement pastes at all curing periods. From the results it has been indicated that substitution of 3 % NS( M 7 ) increases the compressive strength( in compression to control sample) at ages of 3 days and 90 days by 31 % and 18%, respectively. On the other hand an increase of NS content from 3% to 4 %NS (M 8 ) enhances the compressive strength at the ages of 3days and 90 days by 2.6 % and 1.5%, respectively. These values indicate that the improvements of compressive strength at the early age are higher than those at later ones. On the other hand, as the NS content increases (from 3% up to 4%) there is no great difference in compressive strength. Generally, the improvement of compressive strength in presence of NS can be attributed to some reasons: (i) NS works as fillers in the spaces of the grains to improve the microstructure, (ii) The surface of NS particles acts as a nucleation site for CSH seeds, which then accelerate the cement hydration and lead to the growth of the hydration products (5) , (iii) NS particles behave as an activator to promote the highly pozzolanic reaction and allow an increase in the quantity of C-S-H, C-A-S-H (the main source of compressive strength) (2, 15) and (iv) The small particle size of NS and a large value of surface area have a major factor for the kinetics of hydration reactions (6, 27) . Figure 9 shows XRD patterns of the blended cement pastes made of 20 % basalt hydrated up to 90 days. As shown in Fig.9 , the intensities of the peaks characteristics of CH increase gradually during the early age of hydration for OPC-basalt pastes up to 28 days; this increase is attributed to the amount of CH liberated from OPC hydration. This indicates that basalt acts asfiller up to this time of hydration. On the other hand, at the later age of hydration (90 days) the amount of CH consumed in the pozzolanic reaction with basalt exceeds the amount of liberated during OPC hydration. So, there will be a net decrease in the amount of CH leading to a decrease in the intensities of the peaks characterizing CH after 90 days of hydration. There are some remaining anhydrous parts of βC 2 S, C 3 S and calcite. The hydration products are mainly C-S-H, C-A-H and C-A-S-H (38) (39) (40) . Figure 10 shows XRD patterns ofOPC and blended basalt cement pastes M 2 (10 mass % basalt) and M 3 (15 mass %basalt) hydrated for 28 days. Evidently, the hydration products are mainly calcium silicate hydrates (C-S-H) and portlandite in addition to the remaining parts of β-C 2 S and C 3 S grains. The intensities of CH peaks increase with basalt addition. This may be due to the rehydration of some decomposed portlandite and the nucleating function ofbasalt which accelerates the hydration of cement (38, 39) . Figure 11 shows XRD patterns of OPC pastes as well as blended basalt cement pastes containing different mass % of NS hydrated for 90 days. Cement pastes containing NS showed lower intensity of the characteristic peaks corresponding to CH and higher intensity of diffraction lines characteristics for CSH than those of the corresponding peaks of the control mix .The intensity of CH peak as well as anhydrous silicate phases (βC 2 S and C 3 S) decrease when the NS content increases. This behavior is a result of the high pozzolanic activity of NS and the pozzolanic reaction of NS with CH, which allows an increase in the quantity of CSH (10, 17, 27) . Figure 12 . investigates the X-ray patterns of blended basalt cement pastes containing 3 mass % of NS hydrated up to 90 days. Senff et al . (13) observed the presence of CH in sample with NS at 9hr. XRD shows the presence of CH already after 3 days which contributes to the increased production of CH at early ages. The results show that the peaks of CH and anhydrous silicate phases decrease with the curing time progresses. This is due to the progress of hydration reaction and the pozzolanic reaction of NS with the liberated CH leading to the formation of additional amounts of hydrated calcium silicates (10) .
X-ray diffraction analysis (XRD)
Differential thermal analysis DTA curves of the hydrated samples of neat OPC and specimens containing 10 mass % and 15 mass % of basalt hydrated for 28 days are given in Fig. 13 . The curves illustrate three endotherms at 150-200, 400-500, 700-800 o C (54) . The first endothermic peak is due to the decomposition of CSH as well as CAH. The second endothermic peak located at 400-500 o C which represents the major weight loss is mainly related to the decomposition of portlandite. In addition, the third peak is due to the decomposition of CaCO 3 . The peak area of C-S-H and C-A-H decreases with the amount of basalt. This means that the basalt is a filler which accelerates the rate of hydration of cement pastes. The peak area of Ca (OH) 2 increases with basalt content and this is because basalt acts as a nucleating agent (55) .
DTA curves in Fig. 14 showing composite cement pastes containing 3 mass % NS hydrated up to 90 days indicate various endotherms at about 150-190, 400-500, and 700-800 o C. The first peak at 150-190 O C is due to the dehydration, dehydroxlation, decomposition of CSH, CAH, CASH. These peaks are explained in terms of increasing amounts of the formed hydrates. The second peak, located at 400-500 O C, is related to the decomposition of portlandite(CH). The peak of Ca (OH) 2 decreases when the period of hydration increases. This is due to the consumption of free CH by the pozzolanic reaction with NS. The third peak, located at 700-800 o C, is related to the carbonation of some Ca (OH) 2 during handling of crushed samples (54) . The above mentioned discussion can be extended to the DTA curves represented in Fig.15 . Figure 15 represents the DTA curves of neat OPC and hydrated mixes containing different mass % of NShydrated for 90 days. The results illustrate the increase and decrease of all above mentioned peaks for different mixes hydrated for 90 days. The results show that the endothermic peak corresponding to CSH of OPC has a lower intensity than those of all mixes containing NS cement pastes. Peak area of CSH and CSAH increases in accordancewith theamount of NS substituting that of basalt. This is due to the higher pozzolanic activity of NS in comparison to basalt. Peak area of CH decreases withNS. This is mainly due to the pozzolanic reaction of NS with the liberated lime during cement hydration. It is clear that the rate of pozzolanic reaction increases when the content of NS increases with increasing NS content. The results of DTA are in a good agreement with those of XRD and chemical analysis. 
Conclusions
The main points of this paper can be outlined as follows: [1] Basalt can be used as a filled-pozzolanic material.
[2] The substitution of OPC for basalt leads to a decrease in the compressive strength. [3] NS particles accelerate the hydration of blended basalt cement pastes. [4] At all curing ages, the compressive strength generally increases when NS is added up to 4%.
[5]The substitution of blended basalt cement pastes for 3 mass% NS increases the compressive strength at ages of 3days and 90days by 31% and 18%, respectively. [6] As the NS content increases (from 3 mass % up to 4 mass %), there is no great difference in compressive strength. [7] Results showed that the combined water of blended basalt cement pastes increases and free portlanditedecreases when adding NS.This indicates that the ultrafine nature of NS was responsible for speeding up the kinetic of hydration reactions. [8] XRD and DTA proved that more hydration products are formed in the presence of NS.
Recommendation:
Further studies may be needed to examine the performance of nanomaterials, such asnanosilica, nanoalumina, as a good additions to Portland cement. There are many questions about their performance and method of use due to their chemical, physical and mineralogical characteristics.
